The javelina (Pecari tajacu) has been increasing its range in New Mexico (Albert et al. 2004 ) following population declines early in the 1970s (Bellinger 1985) . Javelinas were apparently absent historically in the southern San Andres Mountains (SAM) of south-central New Mexico (Donaldson 1967; Albert et al. 2004) , and introduction of 10 individuals in 1970 (White Sands Missile Range, in litt.) was the only known attempt at artificial establishment of javelinas in the SAM. Following this introduction, javelinas were sporadically sighted in the southern SAM (White Sands Missile Range, in litt.), and, more recently, remains of javelinas were detected in a puma (Puma concolor) scat collected sometime prior to 1996 (Logan and Sweanor 2001) . Subsequently, javelinas or their sign were again infrequently observed on the SAM prior to approximately 2004. Since then, observations have become increasingly common and javelinas appear to be increasing in abundance in areas occupied as well.
Javelinas are considered to be adapted to the arid southwest despite tropical origins (Hellgren and Lochmiller 2000) . Although javelinas are restricted to warmer climates by a relatively narrow thermal tolerance and poorly insulative pelage (Zervanos and Hadley 1973) , they do not exhibit physiological mechanisms of desert-adapted species, such as highly concentrated urine to conserve water and a wide thermoneutral zone (Zervanos and Hadley 1973; Sowls 1997) . Expansion of javelinas northward or into higher elevations may thus be closely tied to climate and behavior; they may expand northward during drought or mild winters (Albert et al. 2004) and are believed to suffer die-offs during severe winters (Bellinger 1985; Albert et al. 2004) . Persistence in these areas is likely tied to behavior, because javelinas have no anatomical w w w . m a m m a l o g y . o r g 1 or physiological adaptations to extremes in cold or heat (Sowls 1997) . Consequently, behavioral adaptations such as use of caves or similar structures with more favorable microclimates are seen in areas characterized by colder temperatures (Sowls 1997) . Similarly, javelinas are able to inhabit arid regions because of the favorable thermal regime, use of succulents to obtain water, and use of dense cover or nocturnal behavior during the hottest months (Hellgren and Lochmiller 2000) . Occupancy of more northern arid areas, or higher-elevation habitats in the southwestern United States, thus may be very closely tied to habitat attributes that allow javelinas to mitigate aridity and extreme cold and heat.
Despite increasing presence, little is known of habitat correlates of javelinas in most Chihuahuan Desert habitats, particularly more northern or higher-elevation ranges. Increasing presence of javelinas in the southern SAM allowed us to document trends in occupancy and assess habitat correlates of javelinas in this northern mountainous area.
MATERIALS AND METHODS
Our study area was centered on the San Andres National Wildlife Refuge (approximately 33845 0 N, 106840 0 W), located approximately 48 km northeast of Las Cruces, New Mexico. San Andres National Wildlife Refuge covers 23,154 ha, including much of the southern extent of the SAM, which was the largest contiguous, relatively undisturbed, Chihuahuan Desert land mass in the United States. The precipitous east escarpment of the SAM rises 1,524 m above the adjacent Tularosa Basin to an elevation of 2,510 m above sea level. Precipitation averaged 32.3 cm in the higher elevations, with . 65% occurring as short, intense rainstorms from July through October. Snowfall occurred during midwinter, usually averaged , 10 cm, and was short lived. Temperatures of the area ranged from À238C to 418C. Three principal seasons occurred: warm, wet (July-October); cool, dry (November-February); and warm, dry (March-June). Major vegetation communities included semidesert grassland, Chihuahuan Desert scrub, and coniferous and mixed woodland (Dick-Peddie 1993). During our study, permanent water was relatively abundant on San Andres National Wildlife Refuge and included a minimum of 30 perennial springs and 2 water developments established in the 1960s. Other large herbivores present included mule deer (Odocoileus hemionus), desert bighorn sheep (Ovis canadensis), and gemsbok (Oryx gazella). Potential predators of javelinas included pumas, coyotes (Canis latrans), bobcats (Lynx rufus), and golden eagles (Aquila chrysaetos).
All methods followed guidelines approved by the American Society of Mammalogists (Sikes et al. 2011) . We used ArcGIS 9.3 (Environmental Systems Research Institute 2004) to design a saturation camera-trapping grid for a project assessing puma demography in San Andres National Wildlife Refuge. We placed camera traps at 3-km intervals to correspond with onehalf the diameter of the home range of pumas (Logan and Sweanor 2001) , which allowed us to cover the entire study area with 40 camera stations. This spacing was equivalent to 1.5 times the mean diameter of javelina home ranges and less than the diameter of the largest javelina home ranges reported (8 km 2 -Hellgren and Lochmiller 2000) . Because territorial overlap in javelinas is minimal (Hellgren and Lochmiller 2000) , this spacing resulted in a low likelihood of javelina groups not being exposed to a camera site but a high likelihood that nonadjacent sites were detecting different groups. We also tested for spatial autocorrelation in photographic captures across the grid using Moran's I (Moran 1950) in the Spatial Statistics extension of ArcGIS 9.3. When a preselected site was inappropriate (i.e., located on rocky cliff, etc.), we selected the closest appropriate site to place the camera.
We used 40 passive infrared-triggered film and digital cameras (Atypical, Inc., De Pere, Wisconsin) that were programmed to record date and time on photographs. We set time delays on cameras at 5-min intervals to maximize repeat photographs while reducing the chance that the memory card would be filled between camera checks. We checked cameras every 2-3 weeks and ran camera traps for 9-13 weeks annually. Camera trapping begin in early to mid-February annually and ran through late April or May, except in 2011 when we continued trapping through July. We also recorded observations of javelinas made opportunistically during other research and management activities and surveys throughout San Andres National Wildlife Refuge during 2007-2011. Each observation was georeferenced using a handheld global positioning system unit. Because movement data of javelinas suggest that they can cover the majority of their home range each day (Ellisor and Harwell 1969) , we used only 1 randomly selected photographic capture per day for analyses regardless of time between detections within a day to maintain temporal independence in captures.
We used occupancy modeling (MacKenzie et al. 2006 ) in program PRESENCE 3.1 (Hines 2012) to estimate occupancy of San Andres National Wildlife Refuge by javelinas during 2007-2011. We included habitat covariates into multiseason occupancy models to aid in identifying habitat correlates associated with occupancy by javelinas. We included 7 landscape variables as site covariates: elevation, vegetation cover type (Hoenes and Bender 2012) , distance to roads, distance to water (including ephemeral and perennial streams and rivers, springs, ponds, and permanent water developments), slope, aspect, and a topographic ruggedness index (Riley et al. 1999 ). We used 30-m resolution geographic information system coverages in ArcGIS 9.3 to characterize camera locations with regard to these attributes and develop input environmental layers for each variable for use in models. We compared candidate models using Akaike's information criterion corrected for small sample size (AIC c - Burnham and Anderson 1998; Arnold 2010) .
Because occupancy modeling is limited to observations associated with a consistent grid, thus limiting sample data, and because no single habitat-association model consistently performs best in all applications, we also used maximum entropy modeling (MaxEnt 3.1- Phillips et al. 2006 ) to model javelina presence. Maximum entropy is a machine learning response that utilizes only known occurrences (i.e., presence data; locations of javelinas in our study) and compares environmental correlates at those occurrence sites to the same correlates at 10,000 random locations, rather than with inferred absences such as collected from transect-based sampling strategies. Because it uses only presence data, MaxEnt eliminates the need for pseudo-absence data, which can bias wildlife-habitat models (Gu and Swihart 2004) , and thus provides a less-biased alternative to other approaches that require the generation of known nonuse areas (i.e., discriminant analysis, logistic regression, etc. [Phillips et al. 2006; Bender 2008a, 2008b] ). Consequently, maximum entropy modeling often outperforms other methods of modeling spatial distribution (Elith et al. 2006; Hernandez et al. 2006; Phillips et al. 2006) .
We used the same 7 landscape variables described above, and we modeled all possible 1-to 7-variable candidate models and compared resultant models using receiver operating characteristic plots and the critical ratio test (Pearce and Ferrier 2000 ; as modified by Baldwin and Bender 2008a) . We used receiver operating characteristic plots to assess relative performance and to establish thresholds for identifying the likelihood of javelina presence (Fielding and Bell 1997; Phillips et al. 2006 ). We used the area under curve (AUC), which provides an index of model accuracy (Swets 1988) , to assist in selecting the most appropriate model (Fielding and Bell 1997; Phillips et al. 2006 ). We calculated standard errors for AUC values using 30% of the locations as test data.
We compared all possible models, and reported models with the highest AUC value for each subset of habitat variables (i.e., 1-to 7-variable models). We compared whether the highest AUC model differed statistically from more parsimonious models. If they did not differ, we selected the mostparsimonious model. For the latter, we used the critical ratio test (Pearce and Ferrier 2000) to compare the highest AUC model with other models to determine if the increase in explanatory value was significant at a ¼ 0.05 following Baldwin and Bender (2008a) . We also derived thresholds for probability of javelina presence for test data by maximizing sensitivity and minimizing specificity (Fielding and Bell 1997; Phillips et al. 2006) . We used these thresholds to convert probabilities to binary response (presence-absence) and used the equal test sensitivity and specificity threshold values to calculate successful classification percentages to corroborate results from receiver operating characteristic curves. We corroborated model selection using concordance (percent successful classification of locations where we detected javelina presence) because a model that poorly classifies the data it was built from is unlikely to have any true predictive ability (Hosmer and Lemeshow 1989) .
Last, we contrasted circadian activity based on time of photographic captures only using Fisher's exact tests (Zar 1996) . For this, we contrasted numbers of nocturnal (1801-0600 h) and diurnal (0601-1800 h) photographic captures during the relatively cooler (February-April) and warmer (May-July) months of our sampling. (Table 1) . Additionally, only distance to water (in 1 model, W(water), c(.), e(.), p(.); Table 1 ) had 86% confidence intervals that did not include 0 (Arnold 2010) . Therefore, we chose the null model as the preferred model for occupancy, although we acknowledge that there was some evidence that water influenced javelina occupancy in the SAM. Occupancy corrected for imperfect detection using the W(water), c(.), e(.), p(.) model similarly increased from 0.035 to 0.334, from 2007 to 2011.
RESULTS
Maximum entropy modeling indicated that distance to water (AUC ¼ 0.967; SE ¼ 0.013), vegetation cover type (AUC ¼ 0.926; SE ¼ 0.020), slope (AUC ¼ 0.912; SE ¼ 0.029), elevation (AUC ¼ 0.904; SE ¼ 0.037), terrain ruggedness (AUC ¼ 0.891; SE ¼ 0.024), and distance to roads (AUC ¼ 0.818; SE ¼ 0.056) were related to javelina presence, whereas aspect (AUC ¼ 0.685; SE ¼ 0.045) was not. The model including distance to permanent water, vegetation type, and slope provided the most-parsimonious fit (Table 2 ) and fit data well (AUC ¼ 0.982; SE ¼ 0.008; percent successful classification ¼ 94.6%). Percent contributions of individual variables to the overall model were: distance to water ¼ 58.6, vegetation cover type ¼ 29.6, and slope ¼ 11.9. Javelina presence peaked within 500 m from permanent water sources, then decreased rapidly with increasing distance from perma- nent water until presence was essentially 0 at . 2,500 m from permanent water (Fig. 2 ). Javelinas were most strongly associated with riparian habitats and oak-mountain mahogany; they were more weakly positively associated with pinyonjuniper and weakly negatively associated with grama grasslands. Presence of javelinas also was strongly positively associated with slopes , 6%, then decreased rapidly until little presence was predicted at slopes . 15-20% (Fig. 2) . Collectively, presence of javelinas was most likely close to water sources, especially riparian habitats when associated with flat terrain and a fairly well-developed overstory canopy of riparian species, or in areas with overstory or high shrub canopies of oak-mountain mahogany or pinyon-juniper. Such areas were relatively rare in the southern SAM; areas with P . 0.75 for javelina presence comprised only 6.7% of the landscape (Fig. 1 ). Javelinas showed a circadian difference in activity based on photographic captures (Fisher's exact P , 0.0001), with 30% of detections primarily nocturnal (1801-0600 h) and 70% diurnal (0601-1800 h). Only for 2011 did we have sufficient detections (55) to compare seasonal trends, and in 2011 we also monitored cameras for ! 2 months after the end of our formal trapping grid in May. Circadian activity differed (Fisher's exact P , 0.0001) between February-April and May-July photographic captures; javelinas were detected more frequently (88%) diurnally in February-April and more frequently (62%) nocturnally (1801-0600 h) during May-July.
DISCUSSION
Javelinas increased occupancy in the southern SAM throughout our study, mirroring range expansions documented elsewhere in New Mexico (Albert et al. 2004; Lamit and Hendrie 2009 ). In the SAM, javelinas were associated with patches of denser overstory or shrub canopies, usually in association with permanent water sources. Our results were similar to the few other habitat studies of javelinas in Chihuahuan Desert habitats. Green et al. (2001) found that javelinas in the Davis Mountains of Trans-Pecos, Texas, selected juniper and oak-dominated habitats, which were characterized by substantial mid-to high-level canopy coverage (. 50%). Further, these areas were frequently in association with rocky habitats, which they believed provided additional thermal cover in the form of caves and rock overhangs (Green et al. 2001) . Donaldson (1967) similarly considered only juniper-oak (including pinyon-juniper and oak-mountain mahogany) and mesquite habitat associations to be suitable habitat for javelinas in New Mexico, and Albert et TABLE 2.-Best supported 1-to 7-variable models of habitat characteristics associated with presence of javelinas (Pecari tajacu), area under curve (AUC) and SE of models, model concordance (Con), and associated probability that lesser-dimensioned models did not differ from the model with the greatest AUC. al. (2004) noted that javelinas were found in pinyon-juniper and ponderosa pine (Pinus ponderosa) habitats at higher elevations (. 2,300 m) in west-central New Mexico. Although Lamit and Hendrie (2009) found javelinas in creosote and grama grasslands, arroyos were the centers of activity in these areas, which provided additional shrub and topographic cover (Bender 2012) .
In the southern SAM, oak-mountain mahogany and pinyonjuniper habitats provided the highest canopy and shrub cover present in upland sites, and canopy cover along riparian corridors has been documented at . 70% (Hoenes and Bender 2012) . Thus, our results support other data from Chihuahuan Desert habitats that associate javelina use with denser woody cover, likely for thermal benefits and possibly as cover from predators such as pumas. The positive association of javelinas with water, and the stronger positive association with riparian habitats as compared to pinyon-juniper or oak-mountain mahogany, further support a thermal effect on javelina habitat use in Chihuahuan Desert habitats. Although the need of javelinas for free water is equivocal (Zervanos and Day 1977) , javelinas readily use free water where available (Zervanos and Day 1977; Sowls 1997) . Even in the Amazon rain forest, javelinas and other peccaries use muddy wallows for thermoregulation during the hot, dry season (Beck et al. 2010) .
In contrast, Bissonette (1982) found that javelina presence was inversely related to woody cover in Big Bend National Park, Texas. His observations were of feeding sites, however, where he found that preferred foods (succulents and forbs) were negatively related to woody overstory. In the southern SAM, oak-mountain mahogany and pinyon-juniper habitats were positively associated with javelina presence, and they provided the 2nd-highest diversity of forbs (oak-mountain mahogany) and the greatest cover of succulents (oak-mountain mahogany and pinyon-juniper) in the SAM (Hoenes 2008; Hoenes and Bender 2012 [riparian habitats were not sampled separately for their forage components]). Thus, our results similarly support Bissonette's (1982) observations on foodhabitat use relationships of javelinas. The slight negative association with grama grasslands in the SAM agrees with most previous work, which identified grassland as much lowerquality habitat than shrubland (Hellgren and Lochmiller 2000) .
Javelinas are relatively well adapted to arid environments, aided by characteristics such as behavioral thermoregulation, tolerance of mild hyperthermia, and panting (Zervanos and Hadley 1973) . These characteristics contribute to javelina presence in southwestern habitats of the United States; in particular, nocturnal activity during hot temperatures and use of dense vegetation, rocky outcrops, and other habitat features (shade) for bedding facilitate use of arid environments (Bissonette 1978; Isle and Hellgren 1995; Gabor 1997; Green et al. 2001) . Strong positive associations with riparian, oakmountain mahogany, and pinyon-juniper in the SAM reflected similar preferences for thermal cover. We also observed behavioral thermoregulation in the SAM. During the relatively cooler months of our surveys (February-April; mean daily high ¼ 16.5-24.78C) javelinas were primarily diurnal, but activity switched to primarily nocturnal in May-July (mean daily high ¼ 29.5-35.08C). The thermoneutral zone of javelinas is approximately 25-308C in winter and 28-358C in summer (Zervanos 1975) ; the upper tolerance levels were met or exceeded in the SAM during warmer months, requiring javelinas to change behavior or seek shade to avoid elevating body temperature. Javelinas apparently were mostly nocturnal during summer in response to thermoregulation challenges in the SAM. Similarly increased crepuscular and nocturnal behavior in response to mean temperatures exceeding upper tolerance levels was seen in elk (Cervus elaphus) colonizing southwestern desert habitats of the United States .
In contrast, during winter, temperatures were frequently below the lower critical limit of javelinas, and javelinas showed primarily diurnal activity in the SAM. Mild winters are considered necessary for javelinas to expand northward and inhabit higher elevations in New Mexico (Albert et al. 2004) . However, these range expansions may be tenuous, with populations experiencing periodic extirpation and recolonization. In the SAM, minimum January temperatures have shown a slight increasing trend since the 1970s, although we detected no variation in mean January temperatures (Fig. 3) . The lesser extremes seen in January may have contributed to increasing occupancy of the SAM by javelinas.
A vegetation gradient exists in the SAM, with Chihuahuan Desert scrub in the lower elevations, desert grasslands above, and pinyon-juniper and oak woodlands on some higher elevations and north-facing slopes. Prescribed burning is a common management practice in the SAM employed to reduce fuels and fire threats, create habitat diversity, enhance watershed function, maintain open native grassland and savanna ecosystem structure, and benefit large herbivores including mule deer and desert bighorn sheep (Bender 2011) . Burns are frequently conducted in pinyon-juniper and oakmountain mahogany habitat types (Bender 2011) , although burning also is practiced in grasslands and desert scrub. These habitats include some of the most important plant associations of javelinas in the SAM.
O 'Brien et al. (2005) found that javelinas consistently selected habitats with dense cover and avoided burned desert scrub habitats, perhaps due to needs for thermal cover or predator avoidance (O'Brien et al. 2005) . Theimer and Bateman (1992) found that javelinas preferred feeding on prickly pear (Opuntia spp.) pads with the least amount of spines; fire tends to remove spines from pricly pear (Day 1985) , possibly making burned pads more palatable (O'Brien et al. 2005) . Prescribed burns in lower elevations in the SAM may benefit javelinas more by limiting burns to the cool, dormant season to minimize overstory shrub mortality (Harrington 1985; Bender 2011 ) and thus avoid significant reductions to thermal cover as well as prickly pear, a primary food source (Sowls 1997) . Additionally, longer fire intervals, on the range of 8-12 years, favor the establishment and maintenance of shrubs in the understory of pinyon-juniper and a shrub overstory in shrublands including oak-mountain mahogany (Bender 2011) . Arroyos typically contain higher amounts of thermal cover and avoiding those sites with prescribed burns also may benefit javelinas.
